Abstract. An efficient implementation of the lattice Boltzmann method (LBM) for the numerical simulation of the propagation of long ocean waves (e.g. tsunami), based on the nonlinear shallow water (NSW) wave equation is presented. The LBM is an alternative numerical procedure for the description of incompressible hydrodynamics and has the potential to serve as an efficient solver for incompressible flows in complex geometries. This work proposes the NSW equations for the irrotational surface waves in the case of complex bottom elevation. In recent time, equation involving shallow water is the current norm in modelling tsunami operations which include the propagation zone estimation. Several test-cases are presented to verify our model. Some implications to tsunami wave modelling are also discussed. Numerical results are found to be in excellent agreement with theory.
water equation are obtained from the depth integral of mass transport equation. The Coriolis effect for shallow water equations having forced wind term, bed slope and bottom friction terms is expressed as in ' [5] 
Lattice Boltzmann equation
The LBM is a numerical method for solution of flow equations without using the complicated shallowwater equations. It solves the lattice Boltzmann equation, and the depth and velocity can be calculated from macroscopic properties. Only simple arithmetic calculations are required to generate accurate solutions to flow problems with straightforward treatment of boundary conditions, and providing an easy and efficient way to simulate complicated flows.The lattice Boltzmann equation which includes a force term on a nine-velocity square lattice is given by 
Definition of macroscopic quantity
The water depth h is given as 
Equilibrium Distribution Function For 2D Shallow Water Equations
Considering the theory of the lattice gas automata, the equilibrium function is the Maxwell-Boltzmann equilibrium distribution function. This distribution function is often expanded as a Taylor series in macroscopic velocity to its second order. It is assumed that an equilibrium function can be stated as a power series in macroscopic velocity
It is convenient to write the equation above in the following form, 
The coefficients can be determined based on the limitations of the equilibrium distribution function. The macroscopic quantity's three conditions must be satisfied by the local equilibrium distribution function in shallow water equation 
and after the coefficients are decided, this results in 
Boundary and initial conditions
In order to solve shallow water flow problems by use of LABSWE, suitable boundary conditions must be provided. Generally speaking, in the application of boundary conditions in LBM, the temporal/spatial flexibility is allowed. This is briefly described as follows: solid boundary conditions; no-slip or slip boundary conditions may be used. For no-slip conditions, the normal bounce-back scheme can be applied. For slip conditions, a zero gradient of the distribution function perpendicular to the solid wall can be employed. Representation of boundary inflow and outflow and periodic boundary conditions are used in the verification of the models.
Results and Discussion
In the following, the NSW-LBM code is applied to three benchmark problems or test-cases widely used in the tsunami community: (i) 2D Tidal flow over a regular bed in 3D plot; and (ii) 2D Tidal flow over an irregular bed in 3D plot; and (iii) 2D steady flow over an irregular bed in 3D plot. In all cases, the LBM solution is 
2D Tidal flow over a regular bed in 3D plot
Tidal waves often occur in coastal engineering. ' [6] ' test problem is used in verifiying upwind discretisation of the source of bed slope terms. A two dimensional problem in which is defined the bed topography as ( ) 50.5 40
  ,where () Gx is the incomplete depth between a preset reference plane and the bed plane, giving 
The D2Q9 velocity model is used. The slip or non-slip boundary conditions are used at the solid walls. For the non-slip condition, the bounce-back plan is used and for slip conditions, a zero gradient of the distribution function perpendicular to the solid wall is employed and periodic boundary conditions are applied in the upper and lower walls. To achieve a lattice-independent solution, lattices of 15000 6000 wave flow at time t = 100.00.
2D Tidal flow over an irregular bed in 3D plot
Let us consider a tidal flow that occurs over a bed that is known not to be regular as further test for the capability of the LBM for shallow-water equation. The bed is the same as that defined in ' Table 1 
2D steady flow over an irregular bed in 3D plot
The bed landscape is described in 'tables 1-3'are shown in 'figures 9-12'.  . The work would like to underline the importance of a robust runup algorithm development using the current model. This research should shift forward the accuracy and comprehension of a water wave runup onto complex shores. The results obtained reveal that NSW equation has sufficient prediction ability for maximum runup value. In conclusion, we have used three examples to test the LBM. It can be concluded that LBM performs well for such problems. The numerical results agree with the theory and hence, one can conclude that the stability structure is a good tool for designing the LBM. Furthermore, on the time-dependent problems on the unsteady problem, excellent and accurate results are obtained with no additional steps on the source terms or complicated upwind discretization of the gradient fluxes.
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